Calcium mobilization in salicylic acid-induced Salvia miltiorrhiza cell cultures and its effect on the accumulation of rosmarinic acid.
Ca(2+) serves as a second messenger in plant responses to different signals, and salicylic acid (SA) has been recognized as a signal mediating plant responses to many stresses. We recently found that SA treatment led to the cytoplasmic acidification of Salvia miltiorrhiza cells and alkalinization of extracellular medium. Here, we demonstrate that SA can rapidly induce Ca(2+) mobilization in protoplasts, but the induction can be blocked with a channel blocker of either plasma or organellar membranes. Following SA, A 23187, or 10 mmol/L Ca(2+) treatment, rosmarinic acid (RA) accumulation reached the highest level at 16 h, whereas the peak was found at 10 h if plasma membrane channel blockers were used. By contrast, the highest accumulation of RA occurred at 16 h when organellar channels were blocked, exhibiting the same tendency with SA-induced cells. In agreement with these observations, both phenylalanine ammonia-lyase (PAL) activity and its gene expression detected by real-time PCR also showed the same patterns. These results indicate that SA treatment firstly results in calcium release from internal stores, which in turn leads to PAL activity increase, RA accumulation, and a large amount of Ca(2+) influx from apoplast after 10 h of SA induction.